Introduction
============

Albinism is a rare hereditary disease associated with an absence of pigment in the eyes, skin and hair, due to congenital defects in melanocytes. Oculocutaneous albinism and ocular albinism type 1 (OA1) are the two main subtypes of albinism. The birth prevalence of OA1 is \~1 in 60,000 ([@b1-mmr-21-01-0240]); however, reports on Chinese patients with OA1 are rare and epidemiological data are lacking. Compared with other types of albinism, patients with OA1 appear to be almost exclusively males and present with only ocular abnormalities. OA1 is characterized by varying degrees of iris depigmentation, nystagmus, loss of stereoscopic vision, foveal hypoplasia, fundus hypopigmentation and reduced visual acuity ([@b2-mmr-21-01-0240]--[@b6-mmr-21-01-0240]). Female carriers do not exhibit clinical symptoms but have spotty or patchy pigment loss in the fundus, which is also considered a characteristic of OA1 ([@b7-mmr-21-01-0240]).

OA1 has a Mendelian inheritance pattern and the G protein-coupled receptor 143 gene (GPR143; OMIM: \#300808, NCBI gene ID: 4935) has been identified as the disease-causing gene. The GPR143 gene, which has also been reported to cause congenital nystagmus, possesses nine exons and spans \~40 kb of genomic DNA ([@b8-mmr-21-01-0240]). GPR143 encodes proteins that are important for the development and maturation of melanosomes, and is only localized in the lysosomes and melanosomes of cells ([@b9-mmr-21-01-0240]). A previous study reported that OA1 is a disorder involving protein misfolding as a pathogenic mechanism, rather than the lack of melanin synthesis ([@b10-mmr-21-01-0240]). The typical clinical features of OA1 are iris and fundus depigmentation, nystagmus, foveal hypoplasia, and normally pigmented skin and hair. In addition, OA1 is often associated with reduced visual acuity.

Since iris or fundus depigmentation are very slight and insidious among Asian patients with OA1, it can easily be misdiagnosed as other congenital eye diseases, such as congenital idiopathic nystagmus (CIN), although the treatment principle for OA1 and CIN is the same ([@b11-mmr-21-01-0240]--[@b16-mmr-21-01-0240]). Molecular diagnosis combined with detailed eye examinations, including optical coherence tomography (OCT) and detailed slit lamp examination, are effective tools for differential diagnosis ([@b17-mmr-21-01-0240]--[@b20-mmr-21-01-0240]). In the present study, the clinical manifestations were described and a molecular genetic analysis was performed on a Chinese family with X-linked OA1. Reports of X-linked OA1 in Asian populations are relatively rare ([@b7-mmr-21-01-0240]--[@b16-mmr-21-01-0240]); therefore, the present results may enrich the mutation spectrum of GPR143 in the Asian population.

Materials and methods
=====================

### Recruitment of subjects

A total of 18 members of a family affected by OA1 (nine affected patients and nine normal subjects), from Sanya (Hainan, China), were recruited to the present study in December 2017 at the Department of Ophthalmology, Chinese PLA General Hospital. This study was approved by the Hospital Ethics Committee and strictly followed the Helsinki Declaration. All participants provided written informed consent. Additionally, 100 healthy normal people (50 men and 50 women) between the age of 18--65 years were recruited as controls in the present study.

### Patient assessment

Detailed family and medical histories were collected. All participants underwent careful ophthalmologic testing, which covered the first occurrence of nystagmus, intraocular pressure, anterior segment of the eyes, best corrected visual acuity (BCVA), indirect ophthalmoscopy and fundus photography for vitreous and fundus examination, OCT for retinal structure examination and electrophysiological assessment.

### Genetic mutation screening

Blood samples (8--10 ml) were collected from six affected patients and seven normal individuals within the 18 family members. Genomic DNA was extracted from blood lymphocytes using a SeqCap EZ MedExome target enrichment kit (Tiangen Biotech Co., Ltd.) according to the manufacturer\'s protocol. A high-throughput sequencer Illumina HiSeq2500 Analyzer (Illumina, Inc.) was used for continuous bidirectional sequencing for 90 cycles and the raw sequencing numbers were read using Illumina Pipeline software (version 1.3.4; Illumina, Inc.). SOAPsnp software (SOAPsnp-v1.03.tar.gz; <http://soap.genomics.org.cn>) and Samtools software (Samtools version 0.1.19; <http://samtools.sourceforge.net/>) were used to perform single nucleotide variant and insertion and deletion analysis, in order to generate the target region base polymorphism results. The primer and Illumina sequencing reaction conditions were performed by Beijing Huada Gene Technology, Ltd. The coding exon and intron sequences of the GPR143 gene were amplified by polymerase chain reaction (PCR). The PCR reaction conditions were as follow: Initial denaturation at 95°C for 5 min, followed by 35 cycles at 94°C for 30 sec, annealing at 58°C for 30 sec and 72°C extension for 30 sec, and a final extension cycle at 72°C for 5 min. The reaction products were purified using the Purification kit (Qiagen GmbH) and BigDye Terminator v3.1 Cycle Sequencing kit (Thermo Fisher Scientific, Inc.) was used for Sanger Sequencing, according to the manufacturer\'s protocol. The genes were read using an ABl3130 sequencer (Thermo Fisher Scientific, Inc.), in accordance with the manufacturer\'s protocol. The sequencing outcomes were analyzed using Chromas 2.0 (Technelysium Pty Ltd.) and DNAStar 8.0 software (<http://www.dnastar.com>). The sequencing results were compared with the Reference Sequence (RefSeq; release 34; <http://www.ncbi.nlm.nih.gov/LocusLink/refseq.html>) database, and the identified novel mutation was named according to the nomenclature recommended by Human Genome Variation Society (<http://www.hgvs.org/>). Sanger sequencing was also performed on the GPR143 gene in samples collected from 100 healthy individuals.

Results
=======

### Clinical phenotype

All of the affected patients in the recruited family were male and were the offspring of female carriers of the mutation; men with the mutation develop the disorder, whereas women can be carriers or healthy individuals. This is in line with X-linked recessive inheritance ([Fig. 1](#f1-mmr-21-01-0240){ref-type="fig"}). All patients with OA1 exhibited different degrees of horizontal nystagmus and low BCVA. The patients exhibited nystagmus from birth to 6 months of age, and the BCVA data ranged between 0.1 and 0.4. All carriers presented normal BCVA and no symptoms ([Tables I](#tI-mmr-21-01-0240){ref-type="table"} and [II](#tII-mmr-21-01-0240){ref-type="table"}).

Using slit lamp examination, nine patients were observed to have different degrees of abnormal iris pigmentation. Some patients exhibited peripheral iris depigmentation in a ring or fan and there was only one patient who did not present depigmentation of the iris. In addition, a slight depigmentation of the iris was also observed in all the carriers ([Fig. 2](#f2-mmr-21-01-0240){ref-type="fig"}).

According to the fundus examination, nine patients presented different degrees of retinal hypopigmentation and foveal hypoplasia. The choroidal blood vessels of some patients were clearly visible due to retinal depigmentation ([Fig. 3A](#f3-mmr-21-01-0240){ref-type="fig"}). In addition, one patient (III:16) had a normal iris with a large choroid membrane coloboma at the fundus of the eye ([Fig. 3B](#f3-mmr-21-01-0240){ref-type="fig"}). The fundi of some patients presented irregular retinal alternating shades of pigment, which resembled highly myopic eyes ([Fig. 3D](#f3-mmr-21-01-0240){ref-type="fig"}). OCT examination could not visualize the macular foveal structures in nine patients ([Fig. 3E and F](#f3-mmr-21-01-0240){ref-type="fig"}). The participants in this study presented with normal skin and hair color. Only one patient (IV:13) exhibited light brown hair with complete depigmentation at the fundus ([Fig. 3C](#f3-mmr-21-01-0240){ref-type="fig"}). In addition, the carriers with normal foveae exhibited slight spotty depigmentaton in the peripheral fundus of the eyes ([Figs. 3](#f3-mmr-21-01-0240){ref-type="fig"} and [4](#f4-mmr-21-01-0240){ref-type="fig"}).

### Mutation analysis

Following Illumina sequence analysis of the GPR143 gene, the proband III:17 and 5 patients with OA1 underwent mutation analysis; the hemizygous mutation c.360+5G\>T in GPR143 gene was detected on II:3, III:16, III:17, IV:6, IV:10 and IV:13 in this family ([Fig. 5](#f5-mmr-21-01-0240){ref-type="fig"}). However, the clinical significance of this mutation was not clear.

### Validation

Sanger sequencing of the GPR143 gene c.360+5G\>T site was performed on 12 participants of this family, with the exception of the proband III:17 (sequencing was completed by Beijing Huada Gene Technology, Ltd.). The results revealed that four cases (II:7, III:1, III:5 and III:8 carriers) exhibited heterozygous mutations and three cases (III:9, III:10, and III:14 normal individuals) did not possess the mutation ([Fig. 5](#f5-mmr-21-01-0240){ref-type="fig"}).

The mutation c.360+5G\>T described was absent in the 100 normal controls. These findings indicated that the c.360+5G\>T mutation in the GPR143 gene was a novel mutation site that leads to OA1. This mutation may be the pathogenic mutation site of the recruited family.

Discussion
==========

The present study described the clinical features of a Chinese family with OA1; a novel mutation in the GPR143 gene (c.360+5G\>T) was detected in this family. All patients had normally pigmented skin and hair but presented with different degrees of iris depigmentation, horizontal jerk nystagmus, low BCVA and foveal hypoplasia.

There have been many reports in Caucasian individuals regarding the clinical characteristics and pathogenic mechanism of OA1 ([@b21-mmr-21-01-0240],[@b22-mmr-21-01-0240]). In addition, it has been reported that OA1 in African-American patients presents as non-albinotic, with no translucency of the iris and a moderately pigmented fundus; however, during ophthalmoscopic examination, these patients always present foveal hypoplasia ([@b23-mmr-21-01-0240]). It has been reported that Japanese patients with OA1 exhibit fundus pigmentation to a degree somewhere between Caucasian patients and patients of African descent ([@b24-mmr-21-01-0240]). In 2008, Fang *et al* ([@b13-mmr-21-01-0240]) first reported clinical studies of OA1 in the Chinese population. It has been demonstrated that regardless of race, all patients with OA1 consistently exhibit signs of foveal hypoplasia ([@b14-mmr-21-01-0240],[@b20-mmr-21-01-0240]--[@b24-mmr-21-01-0240]). It is thought that \~80% of heterozygous female carriers exhibit an alternating pattern of streaks of pigment with streaks of low pigment in the fundus ([@b25-mmr-21-01-0240]). This is consistent with the present study. This study revealed that even in female carriers, one X chromosome carried the disease gene, whereas the other X chromosome carried the normal GPR143 gene, which can induce the expression of the normal OA1 protein.

The GPR143 gene, which spans \~40 kb and encodes a 404 amino acid membrane glycoprotein, is located on chromosomal region Xp22.3. The GPR143 protein is mainly expressed in the iris, retinal pigment epithelium and melanocytes ([@b19-mmr-21-01-0240],[@b26-mmr-21-01-0240]). As a receptor of tyrosine, levodopa and dopamine, the GPR143 protein has been reported to regulate the early stages of melanosome biogenesis, organization and signal transduction ([@b27-mmr-21-01-0240],[@b28-mmr-21-01-0240]). Until now, the Human Gene Mutations Database (<http://www.hgmd.cf.ac.uk>) has described \>100 mutations in the GPR143 gene that have been reported to be responsible for OA1.

OA1 is easily misdiagnosed as other diseases, particularly in East Asian patients, as patients with brown irises usually have no typical iris hypopigmentation or albinotic type of retinal pigment. In the present study, patients were initially misdiagnosed as having CIN, as CIN exhibits similar features to those of OA1. Therefore molecular testing combined with comprehensive clinical analysis is a good method for accurate diagnosis, particularly when clinical symptoms are conflicting. The patients within the present family exhibited congenital nystagmus between birth and 6 months of age; the symptoms included horizontal pendular nystagmus, which was accompanied by head tremor, amblyopia and poor lateral vision. All patients presented different degrees of retinal hypopigmentation in the fundus as well as severe foveal hypoplasia. It was speculated that there may be possible linkage inheritance of albinism with nystagmus. It has been confirmed that the GPR143 gene is both the pathogenic gene of OA1 and the pathogenic candidate gene of congenital nystagmus ([@b16-mmr-21-01-0240]--[@b19-mmr-21-01-0240]). However, how the two diseases interact with each other requires further study. In the examination of the anterior segment, all patients with OA1, with the exception of one, exhibited iris depigmentation in the shape of a ring or fan. This is consistent with previous reports in Chinese OA1 families ([@b14-mmr-21-01-0240],[@b29-mmr-21-01-0240]).

This study confirmed the GPR143 gene mutation through Sanger sequencing and detected a hemizygous mutation (c.360+5G\>T) in the affected family; this mutation is a splicing mutation. The mutation was detected in six patients in this family and was later verified to be absent in 100 healthy people who did not have the disease and had no family history of OA1. Therefore, the novel splicing mutation in the GPR143 gene, c.360+5G\>T, was identified as the pathogenic mutation of this OA1 family. However, the prevalence of this GPR143 mutation in Chinese patients is unclear.

The novel mutation c.360+5G\>T is located in the shearing area after exon 4 of the GPR143 gene, changing the shear of RNA and affecting the stability and translation of RNA. Splicing mutations are a type of mutation that changes the splicing mode of RNA precursors due to a mutation of the splicing donor, receptor site or its side conservative sequence, which results in mature RNA containing a class of mutations that contain intron or missing exon sequences. In the present study, the fifth intron in the shearing area after exon 4 was mutated from the original G base to a T base, thereby resulting in a change from AGT-serine to ATT-isoleucine; this alteration may lead to abnormal functional or structural characteristics of terminal protein products. Therefore, this may be the ultimate cause of the disease in this affected family. It has been speculated that transcriptional mutations may lead to a reduction in the function of the nonsense-mediated mRNA degradation pathway, thus leading to the generation of truncated proteins that affect function ([@b30-mmr-21-01-0240],[@b31-mmr-21-01-0240]); however, the specific pathogenesis requires further study and confirmation.

In conclusion, the present study identified a novel mutation in the GPR143 gene in a Chinese family affected by OA1; the mutation c.360+5G\>T was successfully located. This study expanded the mutation spectrum of the GPR143 gene, particularly enriching our current knowledge on the GPR143-associated OA1, thereby supporting future genetic diagnosis and treatment of OA1. The results of this study, combined with other novel mutations affecting the GPR143 protein, may provide a basis for further proteomics research. Genetic analysis, as well as careful clinical examination, may contribute to the accurate diagnosis of disorders and may inform genetic counseling, providing information about prognosis and avoiding unnecessary and inappropriate interventions.
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![Pedigree of the family affected by ocular albinism type 1. Squares indicate male individuals and circles indicate female individuals.](MMR-21-01-0240-g00){#f1-mmr-21-01-0240}

![Irises of patients with OA1 and carriers of OA1 in an affected family. (A) Patient III:17 exhibited iris depigmentation with a ring shape. (B) Iris of patient IV:6 exhibited obvious radial depigmentation from the pupil region to the periphery. (C) Iris of patient III:15 exhibited abnormal pigmentation. (D) Patient III:16 exhibited normal iris pigmentation. (E) Patient IV:13 exhibited diverging hypopigmentation from the iris pupil region to the periphery. (F) Iris of the carrier III:8 exhibited slight depigmentation in the peripheral region. OA1, ocular albinism type 1.](MMR-21-01-0240-g01){#f2-mmr-21-01-0240}

![Representative images of fundi and spectral domain OCT. (A) Fundus from proband III:17 showing that the foveal avascular zone area disappeared, with an abnormal vascular route and diffuse reduction of pigmentation in the retina. (B) Fundus from patient III:16 exhibited choroid membrane coloboma and severe foveal hypoplasia. (C) Fundus from patient IV:13 showing a universal loss of retinal pigmentation and macular structure deficiency, leading to the choroidal blood vessels being clearly visible. (D) Patient IV:10 exhibited macular hypoplasia and irregular hypopigmentation in the posterior pole, which is similar to highly myopic eyes. OCT of the foveae from patients (E) III:17 and (F) IV:6. All patients exhibited severe foveal hypoplasia. OCT, optical coherence tomography.](MMR-21-01-0240-g02){#f3-mmr-21-01-0240}

![Fundus appearance in carriers of ocular albinism type 1. (A) Carrier III:1 exhibited pigmentary mosaicism in the retinal pigment epithelium. (B) In the fundus from carrier III:5, spotty pigment was absent in the peripheral region. (C) Fundus from carrier III:8 exhibited regional depigmentation similar to highly myopic eyes. (D) Fundus from the healthy individual III:14. Sequencing results were normal. (E) Carrier III:5 and (F) healthy individual III:14. Optical coherence tomography revealed a normal structure in the fovea and in the midperipheral area of the retina in the carrier III:5 and healthy individual.](MMR-21-01-0240-g03){#f4-mmr-21-01-0240}

![Sequence analysis of the GPR143 gene for the family affected by OA1. The hemizygous mutation c.360+5G\>T was identified in all patients with OA1. Carriers exhibited heterozygous mutations. GPR143, G protein-coupled receptor 143; OA1, ocular albinism type 1.](MMR-21-01-0240-g04){#f5-mmr-21-01-0240}

###### 

Clinical features of patients with ocular albinism type 1 in a Chinese family.

  ID       Sex    Age (years)   BCVA (right/left)   Iris hypopigmentation   Fundus hypopigmentation   CN    Macular hypoplasia   Coloboma chorioideae
  -------- ------ ------------- ------------------- ----------------------- ------------------------- ----- -------------------- ----------------------
  II:3     Male   65            0.12/0.2            Yes                     Yes                       Yes   Yes                  No
  III:15   Male   29            0.15/0.25           Yes                     Yes                       Yes   Yes                  No
  III:16   Male   27            0.12/0.12           No                      Yes                       Yes   Yes                  Yes
  III:17   Male   23            0.25/0.25           Yes                     Yes                       Yes   Yes                  No
  IV:6     Male   22            0.3/0.25            Yes                     Yes                       Yes   Yes                  No
  IV:8     Male   19            0.25/0.3            Yes                     Yes                       Yes   Yes                  No
  IV:10    Male   12            0.25/0.3            Yes                     Yes                       Yes   Yes                  No
  IV:12    Male   15            0.25/0.3            Yes                     Yes                       Yes   Yes                  No
  IV:13    Male   10            0.2/0.25            Yes                     Yes                       Yes   Yes                  No

BCVA, best corrected visual acuity; CN, congenital nystagmus.

###### 

Clinical features of carriers of ocular albinism type 1 in a Chinese family.

  ID      Sex      Age (years)   BCVA (right/left)   Iris hypopigmentation   Fundus hypopigmentation   CN   Macular hypoplasia   Coloboma chorioideae
  ------- -------- ------------- ------------------- ----------------------- ------------------------- ---- -------------------- ----------------------
  II:7    Female   58            0.5/0.6             Slight                  Slight                    No   No                   No
  III:1   Female   51            0.8/0.8             Slight                  Slight                    No   No                   No
  III:5   Female   47            1.0/1.0             Slight                  Slight                    No   No                   No
  III:8   Female   41            1.0/1.0             Slight                  Slight                    No   No                   No

BCVA, best corrected visual acuity; CN, congenital nystagmus.
